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SYNOPSIS 
Thesis entitled “Stereoselective synthesis of Amphidinolide T1 and development 
of novel methodologies” has been divided into three chapters. 
¾ Chapter I: Chapter I deals with the historical and biological background of 
amphidinolides, including their isolations, structural elucidation of amphidinolide 
T1 and previous synthetic approaches on amphidinolide T1. 
¾ Chapter II: Chapter II deals with the Stereoselective Total Synthesis of 
Amphidinolide T1. 
¾ Chapter III: This chapter describes the development of new methodologies 
based on the reagent system which comprises of IBX together with Lewis acids. 
This Chapter is again subdivided into four sections. 
 Section A: This section describes introduction on IBX and its applications 
in organic synthesis.  
 Section B: This section describes the conversion of glycals into α,β-
unsaturated δ-lactones by using InCl3/IBX as a novel reagent system.  
 Section C: This section deals with the conversion of indoles into isatins by 
using InCl3/IBX.  
 Section D: This section describes CeCl3.7H2O/IBX-promoted oxidation of 
3-alkylindoles to 3-hydroxyoxindoles. 
Chapter I:  
In a search for bioactive substances from marine organisms, Kobayashi and 
co-workers started a research project for secondary metabolites from symbiotic 
marine microorganisms in early 1980. When a number of microorganisms were 
subjected to biological screening, extracts of symbiotic dinoflagellates of the genus 
Amphidinium, a series of macrolides, named amphidinolides, have been isolated from 
the inner cells of acoel flatworms, Amphiscolops species, living on algae or seaweeds 
in Okinawa coral reefs, were found to exhibit potent cytotoxic activity (70-90% 
inhibition at 3 µg/mL) against murine lymphoma L1210 cells and human epidermoid 
carcinoma KB cells.  
Amphidinolide T1 (1) is a unique 19-membered macrolide possessing a 
tetrahydrofuran ring, an exo-methylene, three branched methyls, one ketone and one 
hydroxyl group, which was first isolated from a marine dinoflagellate Amphidinium 
sp. (strain Y-56). The structure of 1 was established by detailed NMR studies and the 
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absolute stereochemistry was established by modified Mosher’s method followed by a 
single crystal X-ray analysis. Due to the potent biological activity, low abundance and 
unique molecular architecture, amphidinolide T1 (1) has attracted significant attention 
from the synthetic community and as the result three total syntheses have been 
appeared in the literature. The first total synthesis of amphidinolide T1 (1) was 
reported by Ghosh and co-workers in 2002, later Fürstner and Jamison have also 
reported the synthesis of this molecule using very different strategies to effect 
macrocycle formation. Additionally, Zhao et al. reported the synthesis of 
amphidinolide T3 (3) (Figure 1) that is structurally related to amphidinolide T1 (1). 
Recently, three structurally related macrolides, amphidinolides T2 (2), T3 (3), T4 (4), 
and T5 (5) together with amphidinolide T1 (1) have been isolated from two strains 
(strains Y-56 and Y-71) of marine dinoflagellates of the genus Amphidinium. Their 
structures were elucidated on the basis of spectroscopic data and chemical means.  
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Figure 1. Structures of amphidinolide T1 (1), T2 (2), T3 (3), T4 (4) and T5 (5). 
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Amphidinolides T1, T2, T3, T4 exhibited potent cytotoxicity against L1210 
cells (IC50, 18, 10, 7.0, 11 μg/mL, respectively) and KB cells (IC50, 35, 11.5, 10, 18 
μg/mL, respectively). 
Chapter II: In continuation of our synthesis of complex natural products, we report 
herein a new convergent and stereoselective total synthesis of amphidinolide T1. 
Retrosynthetic analysis:  
Our retrosynthetic analysis of amphidinolide T1 (1) is shown in Figure 2. The 
formation of the macrolactone was envisaged from a seco acid 6 which was 
disconnected at the C12-C13 bond into trisubstituted tetrahydrofuran fragment 7 and 
homoallyl ether fragment 8. In the forward direction fragment 6 was envisaged to be 
obtained by an umpolung reaction between 7 and 8. Retrons 7 and 8 can be obtained 
from 9 and 10, respectively. 
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Figure 2 : Retrosynthesis of amphidinolide T1 
 
Synthesis of trisubstituted tetrahydrofuran fragment (7): 
The synthesis of compound 7 started from the known mono benzylether 9, 
which was oxidized to corresponding aldehyde and further homologated by a two 
carbon Wittig olefination to afford α,β-unsaturated ester 12 (E-isomer) as the sole 
iii 
 Synopsis 
   
product (83% over two steps). Compound 12 on reduction with LiAlH4:AlCl3 
afforded an allylic alcohol in 80% yield. Sharpless asymmetric epoxidation of the 
allyl alcohol using (+)-DIPT, Ti(iPrO)4 and TBHP at -20 oC furnished epoxy alcohol 
14 in 91% yield and in 94% ee.  
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Scheme 1: Reagents and conditions: a) BnBr, NaH, TBAI, THF, 76%; b) (COCl)2, 
DMSO, Et3N, CH2Cl2, -78 oC, 90%; c) Ph3C=CO2Et, benzene, reflux, 90%; d) 
LAlH4/AlCl3, ether, 0 oC, 80%; e) (+)-DIPT, Ti(OiPr)4, TBHP, CH2Cl2, -30 oC, 91%; 
f) TPP, NaHCO3, CCl4, 90%; g) LiNH2, -78 oC, 95%; h) NBS, ethylvinyl ether, 83%; 
i) Sn(Bu)3H, AIBN, benzene, reflux, 90%; j) NaBH4, NiCl2.6H2O, 0 oC, 90%; k) 
Jones reagent, acetone, 88%; l) DIBAL-H, CH2Cl2, -78 oC, 95%. 
 
Subsequent reaction of 14 with PPh3 in CCl4 in the presence of NaHCO3 (cat.) 
at reflux, followed by base induced dehydrohalogenation using the methodology 
developed by us, gave alkynol 16 in 82% overall yield. The alkynol 16 was reacted 
with ethyl vinyl ether and NBS to afford bromo acetal which on subjecting to radical 
cyclization by treatment with n-Bu3SnH and AIBN in refluxing benzene afforded 
iv 
 Synopsis 
   
lactolether 18 in 85% overall yield for two steps. The lactolether 18 underwent 
diastereoselective reduction using NaBH4, NiCl2.6H2O in methanol to provide four 
diastereomers, which were separated by column chromatography to afford one of the 
required ethoxy tetrahydrofuran 19 and stereoisomeric mixture of ethoxy 
tetrahydrofuran 20 in 1:1.1 ratio in 88% yield. The mixture of isomers 20 were 
subjected to Jones oxidation to furnish the syn- and anti-lactones 22 and 21 (2.3:1, 88 
% yield), which were separated readily by silica gel column chromatography. 
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Table 1. 
Se.N
o 
          conditions substrate time yield % anti:syn product 
   1 BF3.Et2O (3 equiv), CH2Cl2
-78 oC 
    19 05 min    95    93:7     24 
   2 BF3.Et2O (3 equiv), CH2Cl2
-78 oC 
    23 30 min    92    95:5     24 
   3 SnBr4 (2 equiv), CH2Cl2, rt     19 01 h    93    94:6     24 
   4 I2 (1 mol%), CH2Cl2, rt     19 24 h    97    96:4     24 
   5 I2 (5 mol%), CH2Cl2, -78 oC-
0 oC 
    19 02 h    94    >99     24 
   6 I2 (1.2 equiv), CH2Cl2, -78 
oC-0 oC 
    19 04 h    90    >99     25 
   7 I2 (1.2 equiv), CH2Cl2, -78 
oC-0 oC 
    23 06 h    87    96:4     25 
   8 I2 (5 mol%), CH2Cl2, -78  
oC-0 oC 
    23 03 h    92    96:4     24 
 
The syn-lactone was reduced with DIBAL-H to give lactol 23 (95% yield), 
which was subsequently treated with allyltrimethylsilane using known procedure to 
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furnish allylated product 24. Although the yields were encouraging with lactol 23 as 
well as lactol ether 19, the ratio of anti:syn was not attractive. This prompted us to 
explore a strategy recently developed by us to allylate allyl/benzyl alcohols using allyl 
trimethyl silane in the presence of catalytic amount of iodine. Surprisingly, treatment 
of lactol ether 19 with allyltrimethyl silane in the presence of iodine (5 mol%) gave 
the desired product 24 in 94% yield with complete anti selectivity. It is noteworthy to 
mention here that in the presence of 1.2 “equiv” of iodine led to allylation with 
concommitant debenzylation to afford 25 in 90% yield. Similarly, allylation of lactol 
23 afforded the required product 25 in a ratio of 96:4. Optimized condtions of 
allylation and/or debenzylation are presented in Table 1. 
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Scheme 3: Reagents and conditions: a) BAIB, TEMPO, CH3CN:H2O, 2:1, 95%; b) 
Piv-Cl, Et3N, LiCl, (S)- Oxazolidinone, -20 oC, 85%; c) NaHMDS, MeI, -78 oC, 80%; 
d) LiBH4,  THF, cat. H2O 86%; e) OsO4, NMO, THF:H2O, 8:1; f) NaIO4, THF:H2O, 
1:1; g) propanedithiol, BF3.OEt2, CH2Cl2, 0 oC, 76% (over three steps). 
 
The primary hydroxyl group in 25 was converted to the carboxy group by 
oxidation with TEMPO and BAIB in CH3CN and H2O. N-Acylation of the chiral (S)-
oxazolidin-2-one using the mixed anhydride condtions furnished 27 in 85% yield over 
two steps. Diastereoselective alkylation of the Na-enolate of 27 with MeI followed by 
reductive cleavage of the chiral auxilliary afforded alcohol 29 as the only isomer in 
65% overall yield. The resulting alcohol was treated with catalytic OsO4 and 
stoichiometric 4-methylmorpholine N-oxide (NMO) to afford the diol which on 
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oxidative cleavage using NaIO4 gave aldehyde. Protection with 1,3-propanedithiol in 
presence of BF3.OEt2 furnished the dithiane 7 in 76% overall yield.  
Synthesis of homoallyl ether fragment (8): 
The journey for the synthesis of segment 8 began with the alkylation of 
diethylmalonate 32 with iodo compound 31, followed by base induced reductive 
elimination afforded compound 33 as a single product using n-BuLi as a base and 
AlH3 as reducing agent, conversion of the hydroxyl group to the corresponding bromo 
functionality using TPP/CBr4 followed by allylation under Barbier conditions gave a 
racemic homoallyl alcohol 35 in 68% yield over two steps. 
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Scheme 4: Reagents and conditions: a) BnBr, NaH, TBAI, THF, 76%; b) TPP, 
imidazole, I2, CH3CN:Et2O, 1:2, 0 oC, 93%; c) diethylmalonate (32), n-BuLi (1 
equiv), 24 h, n-BuLi (1 equiv), LiAlH4/AlCl3, THF, reflux, 12 h, 60%; d) TPP, CBr4, 
CH2Cl2, 0 oC, 90%; e) Zn/ butyraldehyde, THF:aqNH4Cl, 1:1, 80%; f) PS-C, 
diisopropyl ether, 5 days 40%; g) PCC, CH2Cl2, 90%;  h) NaBH4, MeOH, 92%; i) 
NaOMe, MeOH, 95%; j) TBS-Cl, imidazole, CH2Cl2, 90%; k) Li/Naphthaline, THF, -
20 oC, 93%; l) BAIB, TEMPO, CH2Cl2:H2O, 2:1, 95%; m) Piv-Cl, Et3N, LiCl, (R)- 
Oxazolidinone, -20 oC, 85%; n) NaHMDS, MeI, -78 oC, 80%; o) LiBH4, THF, (cat.) 
H2O 80%; p) DMP, CH2Cl2, 0 oC, 95%.  
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Enzymatic kinetic resolution of 35 using lipase PS-C ‘Amano’ II afforded (R)-
homoallylic acetate 37 (35% with 98% ee). The unrequired isomer 36 was converted 
to the required isomer following oxidation, reduction and enzymatic resolution 
sequence. Deacetylation of 37 was achieved by treatment with NaOMe, protection of 
the resulting hydroxyl group as its TBS ether yielded 39 in 87% yield over two steps. 
Treatment of compound 39 with Li/naphthalene afforded the primary hydroxyl 
compound which on subsequent oxidation with TEMPO/BAIB gave 41 in 91% yield 
(two steps). Similar to compound 26, compound 41 was converted to alcohol 44 in 
three steps. Oxidation of 44 with Dess-Martin periodinane in CH2Cl2 afforded 
aldehyde 8 in 95% yield. 
 
Completion of total synthesis of amphidinolide T1: 
With the successful synthesis of two fragments 7 and 8, we proceeded to 
assemble both the segments. Dithiane 7 was treated with n-BuLi in THF (under Sih’s 
conditions) at -100 oC and to it the pre-cooled solution of aldehyde (- 100 oC) 8 was 
added dropwise to afford stereoisomeric mixture (4:1) mainly consisting of Cram 
adduct (syn) 45 in 80% yield. The required major syn isomer was separated easily by 
silica gel column chromatography. Selective oxidation of the primary hydroxy group 
in 45 in presence of a secondary hydroxyl with TEMPO/BAIB afforded keto acid 46 
in 70% yield by “in situ” deprotection of thio ketal. The exposure of the resulting acid 
46 to HF-Pyridine complex gave the seco acid 6 in 93% yield. Now, the stage was set 
to carry out the most crucial macrocyclization reaction under modified Yamaguchi 
conditions. As expected, the seco acid 6 following modified Yamaguchi conditions 
afforded amphidinolide T1 (1) in 70% yield. The spectral (1H and 13C NMR) and 
analytical data were in good agreement with the data reported for natural product.  
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Scheme 5: Reagents and conditions: a) n-BuLi, THF, -78 oC - rt - –100 oC, 8, 80:20, 
90%; b) BAIB, TEMPO, CH2Cl2:H2O, 2:1, 75%; c) HF/Pyridine, THF, 93%; e) 2,4,6-
Cl3PhCOCl, i-PrNEt2, 45 oC, 10 h, DMAP, toluene, 10 h, 66%. 
 
In summary, we have accomplished a highly convergent and stereoselective 
synthesis of amphidinolide T1. The stereocenters of substituted tetrahydrofuran 
moiety was obtained by Sharpless asymmetric epoxidation, diastereoselective 
reduction of exo-cyclic double bond and allylation on five membered ring oxa-
carbenium ion using our own developed methodology. The C13 and C18 
stereocenters were obtained by enzymatic kinetic resolution and umpolung reaction. 
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Chapter III: This chapter describes the development of new methodologies based on 
the reagent system which comprises of IBX together with Lewis acids. This Chapter 
is again subdivided into four sections. 
Section A: Introduction on IBX and its applications in Organic Synthesis. 
Section B: This section describes the conversion of glycals into α,β-unsaturated δ-
lactones by using InCl3/IBX as a novel reagent system. 
In this section, we reported a mild and efficient protocol for the synthesis of 
α,β-unsaturated δ-lactones (48) from glycols (47) using catalytic InCl3 in combination 
with a stoichiometric amount of IBX as a novel reagent system (Scheme 6). 
Treatment of D-glucal derivatives (3,4,6-tri-O-acetyl-D-glucal, 3,4,6-tri-O-benzoyl, 
3,4,6-tri-O-allyl and 3,4,6-tri-O- benzyl-D-glucal) and glycals(3,4,6-tri-O-acetyl-D-
galactal, 3,4-di-O-acetyl-L-rhamnal, 3,4-di-O-acetyl-D-xylal and 3,4-di-O-acetyl-D-
arabinal) gives the corresponding α,β-unsaturated δ-lactones in very good yield. But 
the oxidation of disaccharides, results in the cleavage of the glycosidic bond under 
similar reaction conditions. 
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Mechanistically the reaction is initiated by InCl3 induced allylic rearrangement 
of glycal with water to form an intermediate 2,3-dideoxy-hex- 2-enopyranoside, 
which on subsequent oxidation by IBX results in the formation of the corresponding 
enelactone (Scheme 7). 
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Among various catalysts studied such as scandium triflate, ytterbium triflate, 
cerium triflate and indium triflate employed for this transformation, indium trichloride 
was found to be the most effective catalyst in terms of conversion and reaction rates. 
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Section C: This section deals with the conversion of indoles into isatins by using 
InCl3/IBX as a novel reagent system. 
We reported a novel and efficient protocol for the conversion of indoles into 
isatins. Indole was treated with IBX in the presence of indium (III) chloride in 
aqueous acetonitrile at 80 oC, and the product, isatin was obtained as orange needles 
in 85% yield. Various substituted indoles underwent smooth oxidation to produce 
isatins in high yields (Scheme 8). 
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The use of an inexpensive and water tolerant reagent system makes this 
procedure quite simple, more convenient, and environmentally friendly for the 
preparation of synthetically and biologically potent isatins in a one-pot operation. 
 
Section D: This section describes CeCl3.7H2O/IBX-promoted oxidation of 3-
alkylindoles to 3-hydroxyoxindoles. 
3-hydroxyoxindole motif is a core structure in various biologically active 
molecules such as convolutamydines. This framework exists in proteasome inhibitors 
like TMC-95A/B. Furthermore, the 3-hydroxyindolin-2-one skeleton is also found in 
various alkaloids such as donaxaridine, dioxibrassinine, welwitindolinone C and 3-
hydroxyglucoisatisin. It can be obtained through a smooth and efficient method which 
we had developed and described in this section. 
3-Alkylindoles undergo smooth oxidation with IBX in the presence of 
CeCl3.7H2O in aqueous acetonitrile at ambient temperature to afford the 
corresponding 3-hydroxyoxindoles in high yields. This method is very useful for the 
direct preparation of 3-hydroxyoxindoles from 3-alkylindoles (Scheme 9). Both free 
NH- and N-protected indoles such as N-alkyl or N-benzyl derivatives were efficiently 
converted into their corresponding 3-hydroxy-indolin-2-ones. In all cases, the 
reactions proceeded very well at ambient temperature. 
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 The oxidation of 3-formyl and 3-thiocyano- indoles gave exclusively isatins instead 
of desired 3-hydroxyoxindoles. Isatin was also formed during the oxidation of indole 
with IBX/CeCl3.7H2O (Scheme 9). 
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In the absence of CeCl3.7H2O, the oxidation was rather slow affording the 
corresponding 3-hydroxyoxindoles in lower yields (15-25%). However, no oxidation 
was observed when the reaction was performed using 10 mol% of CeCl3.7H2O in the 
absence of IBX. Both CeCl3.7H2O and IBX are essential for the success of the 
reaction. Among other hypervalent iodine reagents such as Dess-Martin periodinane, 
PhI(OAc)2, and PhIO studied, IBX was found to be the best, giving good results. Of 
various cerium reagents like Ce(OTf)3, and Ceric ammonium nitrate tested, 
Cerium(III) chloride was shown to be the most effective Lewis acid for this 
conversion.  
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